Phosphatidyl inositol has been isolated from cauliflower inflorescence and soybean. Analysis of the fatty acid distribution showed that unsaturated fatty acids were preferred at position 2, and that saturated fatty acids were preferred at position 1.
of methanol-chloroform (2:1, v/v, 2 C) containing 100 mg of butylated hydroxytoluene (Nutritional Biochemicals Corp., Cleveland, Ohio) as antioxidant. The homogenate was flushed with nitrogen and allowed to stand, with occasional stirring, for 8 hr. Five hundred milliliters of cold (2 C) distilled chloroform and 200 ml of distilled water were added and the mixture was shaken, after which two phases were formed. The above operations are essentially a modification of the Bligh and Dyer method (4) for lipid extraction. The upper (aqueous) phase was removed and discarded. Debris was removed from the chloroform phase by pressing it through cheesecloth by hand, with polyethylene gloves. The residue was extracted again with chloroform, and this was added to the filtrate. The chloroform fraction was washed once in a separatory funnel with water and was then concentrated to dryness in a rotary evaporator. The total lipid obtained was 2.7 to 4 g/kg of cauliflower. The lipid was dissolved in chloroform and stored under nitrogen at -20 C until it was used.
Isolation of PI2 from the crude lipid was done essentially by the method of Colacicco and Rapport (7) . Silicic acid (100-mesh, Mallinkrodt, St. Louis, Mo.) was suspended in water, and fines were removed by decantation. The washed silicic acid was activated by heating in the oven for 24 hr at 110 C. Twenty grams of the activated silicic acid were suspended in chloroform-methanol (9:1, v/v), and the suspension was poured into a chromatographic column that had a pad of glass wool at the bottom. The column was stabilized by passage of chloroform-methanol (9:1, v/v), the final height being 15 cm (2-cm internal diameter). The crude lipid was dried in a rotary evaporator and was redissolved in a minimal amount of chloroform-methanol (9:1, v/v) and applied to the column. Elution was done first with 250 ml of the same solvent. Two-dimensional thin layer chromatography, with the solvents described by Nichols (21) showed the presence of PC and PE in the eluate. The column was then eluted with 220 ml of chloroform-methanol-concentrated NH40H (80:20:2, v/v/v), and four 50-ml fractions and one 20-ml fraction were collected. These fractions were monitored by two-dimensional thin layer chromatography with the use of the molybdenum spray of Dittmer and Lester (8) . Fractions 2 to 5 contained PI, fraction 2 being contaminated with small amounts of PC and PE, and fraction 3 being contaminated with PG. The column was finally eluted with 150 ml of absolute ethanol, and the first three 10-ml fractions contained PI in almost pure form.
The final purification of PI from the combined PI-containing samples from the column was by preparative thin layer chromatography. The partially purified PI was placed as a band on a 20-by 20- (15, 23) . The PI band was negligible, and the denatured protein from the reaction mixture stayed on the start line of the chromatogram. The fatty acid band and the lyso PI bands were scraped off with a razor blade and were put into 50-ml Erlenmeyer flasks.
Formation of Methyl Esters. The methylation solution consisted of methanol-H2S04-benzene (100:5:5, v/v/v). Ten milliliters of this solution were added to the samples of fatty acid and lyso PI. Methyl behenate in methanol was added also to this mixture (0.4 to 0.6 mg of methyl behenate per 3 mg of sample). The vessels were flushed with nitrogen, tightly stoppered, and heated at 70 C for 6 hr. The samples were cooled, and then 5 ml of distilled water and 10 ml of redistilled hexane were added. The vessels were shaken vigorously, and after partition the upper (hexane) phase was withdrawn with a Pasteur pipette. The extraction was repeated twice with 10-ml portions of hexane. The combined hexane extract was evaporated under a nitrogen stream to 7 or 8 ml and was then washed twice by shaking with water. The washed hexane was then dried over anhydrous Na2SO4 and was stored under nitrogen at 2 C until analysis by gas-liquid chromatography was performed.
Transmethylation of PI untreated with phospholipase A was done by the method described above. (28) . In most cases, the washed mitochondrial preparation was used directly as the enzyme source, but in some cases (specified in the text), the preparation was treated by freezing and thawing. Reaction Mixtures for PI Synthesis. Two types of reaction mixture were used: one, in which CTP was the nucleotide added, and the other in which CDP-diglyceride was the nucleotide added. The latter reaction mixture measured the final step in PI synthesis, whereas in the former assumed the biosynthesis of CDP-diglyceride as well. A typical reaction mixture for the study of CDPdiglyceride: inositol transferase consisted of 137 umoles of tris-HCl, pH 8.5; 2.25 ,umoles of MnCl2; 65 m,moles of CDPdiglyceride, 390 ,umoles of myo-2-3H-inositol (New England Nuclear Corp.) (1.11 X 106 dpm) and 5 mg of mitochondrial protein in a final reaction volume of 1.50 ml. The samples were incubated at 30 C for 30 min. Lipid Extraction. At the end of the reaction period, the lipid was extracted according to the method of Bligh and Dyer (4), modified as described in the accompanying paper (29) .
Radioactivity Assay. Radioactivity of the extracted lipid was assayed as described in the accompanying paper (29) .
Chemical Synthesis of CDP-Diglyceride. This synthesis followed the method of Agranoff and Suomi (1) .
Protein Determination. Protein was determined by the method of Lowry et al. (18) .
Preparation of Bacillus cereus Phospholipase C. The culture medium for growing B. cereus was that described by Houtsmuller and van Deenen (13): 10 g of bacto-peptone (Difco, Detroit, Mich.), 10 g of bacto-yeast extract (Difco), 5 g of NaCl, and 0.4 g of Na2HPO4 in 1 liter of tap water. The pH of the medium was 6.8. The culture medium was autoclaved, and after cooling the medium was inoculated. Three 2-liter Erlenmeyer flasks, each containing 330 ml of the culture, were agitated by a reciprocal shaker at 37 C for 24 hr. Phospholipase C was prepared according to the method of Chu (6) . The lyophilized enzyme preparation was dissolved in 10 ml of phosphate buffer (0.1 M, pH 7.2) containing 1.5 mM CaCl2. The preparation retained its enzymatic activity for over 5 months when stored at 2 C. Cochromatography with Soybean PI. The radioactive product was purified by two-dimensional chromatography with the solvents described by Nichols (21) . The In both cases the radioactivity coincided with the authentic PI as judged by the molybdenum spray (8) .
RESULTS
Phospholipase C Digestion. Digestion of the radioactive lipid with the phospholipase C prepared from B. cereus resulted in the conversion of 99% of the radioactivity to a water-soluble form. Soybean PI was treated in the same way, and the water-soluble fractions from both digestions were subjected to electrophoresis on Sepraphore (Gelman Instruments, Ann Arbor, Mich.), in tris barbital-sodium barbital, pH 8.8 A, = 0.05, at 250 v and 4 C. The dried strip was cut in half, and one-half was sprayed to detect phosphate (11) and the other half was cut into 1-cm sections and assayed for radioactivity. The radioactivity coincided with the phosphoryl inositol. There was no radioactivity at the positions of free inositol or inositol di-or triphosphate.
Acid Hydrolysis. The radioactive lipid was mixed with 1 ml of 95%c ethanol and 5 ml of 6 5N HCI, and the mixture was refluxed for 24 hr. All of the radioactivity in the hydrolysate was watersoluble. The water phase was concentrated and chromatographed on thin layers of Silica Gel G by using the solvent system acetonewater (4:1, v/v), with myo-inositol as a marker. The spot corresponding to inositol accounted for 30c-of the radioactivity, the remainder staying at the start line, probably being a mixture of inositol phosphates (24) .
Subcellular Location of CDP-Diglyceride:Inositol Transferase. The data presented in Table III show that the crude mitochondrial pellet from cauliflower inflorescence contained most of the CDPdiglyceride: inositol transferase. Of the enzymatic activity recovered after centrifugation of the homogenate, approximately 70%O was associated with the pellet fraction, and thus, this fraction was used in subsequent experiments. Nucleotide Requirement for PI Synthesis. The incorporation of 3H-inositol into lipid was stimulated by the addition of nucleoside triphosphates and by CDP-diglyceride (Table IV) . Of the nucleoside triphosphates, all of those tested stimulated incorporation to varying amounts of 3H-inositol (specific activity, 2.85 X 106 dpm/ mAmole); and S mg of mitochondrial protein in a final volume of 1.50 ml. Incubation was at 30 C for 20 mi. some extent, but the most effective of these was CTP. When CTP was compared with CDP-diglyceride, the latter was the more effective.
Time Course of PI Synthesis. Figure 1 shows the enzymatic synthesis of PI as a function of time. The shape of the curve is typical, i.e., there is slight deviation from linearity for 20 min, but by 50 min, the reaction is practically over. In the experiment shown in Figure 1 , the incorporation of only 3.5%O of the added label had taken place by the time the reaction had stopped. In order to reduce inaccuracies due to nonlinearity, reactions were run for 30 min at the longest. The stoppage of the reaction is due to enzyme inactivation and degradation of CDP-diglyceride, as will be shown below.
Dependence of PI Synthesis on Substrate Concentration. The incorporation of 3H-inositol into lipid was proportional to the inositol concentration over the range tested (Fig. 2) . The response of PI synthesis to changing concentrations of CDP-diglyceride is shown in Figure 3 . Half-maximal rate was achieved in the presence of 4.5 X 10-5 M CDP-diglyceride.
Metal Ion Requirement. CDP-diglyceride: inositol transferase is dependent on the presence of a metal ion cofactor (Fig. 4) . This requirement is best fulfilled by manganese ions, even though magnesium ions are also stimulatory. Calcium ions were without effect, as were sodium and potassium ions, added up to concentrations of 10 mm. The optimum for manganese ions was 1.5 mM with strong inhibition above that concentration. Effect of pH on PI Synthesis. The activity of CDP-diglyceride: inositol transferase was measured at various pH levels in tris-HCl buffers. Maximal activity was observed in the region of 8.5 to 9.0 (Fig. 5) . When the activity of PI synthesis was observed with the presence of CTP rather than with CDP-diglyceride as the nucleo- tide cofactor, the maximal activity was observed at pH 8.1 (Fig.  6) .
Stability of the Enzyme and Degradation of the Substrate. Thelack of linearity of the time course experiments (Fig. 1 ) was due to two reactions: inactivation of the enzyme and degradation of CDP-diglyceride. The former phenomenon was observed by preincubating cauliflower mitochondria at 30 C for varying lengths of time in the absence of CDP-diglyceride and 3H-inositol. The reaction was initiated by the addition of these compounds, and incubation was continued for an identical time in all cases. After 30 min at 30 C, the enzyme had lost 50%c of its activity (Fig. 7) .
The degradation of CDP-diglyceride was observed by incubating the mitochondrial preparation with CDP-diglyceride for varying periods of time before the initiation of the reaction by addition of 3H-inositol. Half of the incorporation of 3H-inositol was obtained when CDP-diglyceride was preincubated with enzyme for 30 min (Fig. 8) .
DISCUSSION
The presence of phosphatidyl inositol in plant tissue has been recognized for a number of years (16) . The fatty acid composition of phosphatidyl inositol from animals is characteristically highly saturated (5, 12, 15) , whereas that of plant tissues usually has a greater percentage of palmitic acid than the average of the glycerolipids (2, 22, 21) . As far as the fatty acid distribution in phosphatidyl inositol is concerned Brockerhoff (5) concluded that the f/tty acids in beef heart and rat liver PI were distributed randomly at positions 1 and 2. In contrast, Keenan and Hokin (15) , by using different methods of analysis, came to the conclusion that in phosphatidyl inositol of animal origin, unsaturated fatty acids are preferred at position 2. These latter results were consistent with the results showing that unsaturated fatty acids are preferred at position 2 in phosphatidyl choline (10, 30) . There has been one previous report on the positional distribution of fatty acids in soybean phosphatidyl inositol (23) . This report indicated that unsaturated fatty acids were preferentially incorporated at position 2. We have confirmed these results of Noda and Song (23) , although the fatty acid composition of our sample was rather different to theirs. The fatty acid composition of samples of soybean phosphatidyl inositol can be expected to vary depending upon the original growth conditions of the plant and also, to some extent, upon the method of isolation if the PI is not quantitatively recovered.
Our results on the positional distribution of fatty acids in cauliflower phosphatidyl inositol also showed that position 2 is preferentially esterified by unsaturated fatty acids. The most striking difference between the results obtained for the phosphatidyl inositols from soybean and from cauliflower inflorescence is that in the latter case a large fraction of oleic acid was esterified at position 1. It is also noteworthy that the data of Noda and Song (23) showed a relatively large amount of palmitic acid esterified at position 2. These results show that the final distribution of fatty acids depends to some extent on the total fatty acid composition, i.e., if the lipid is rich in polyunsaturated fatty acids, oleic acid will tend to occupy position 1 rather than position 2, and if the lipid is poor in unsaturated fatty acid, some saturated fatty acid will occupy position 2. The mechanisms by which these distributions are determined are yet to be elucidated. (3, 26) . This paper constitutes the first report of enzymatic studies of phosphatidyl inositol synthesis in plant tissues. The characteristics of the enzyme from -cauliflower inflorescence are compared with those of the animal tissues in Table V . It should be noted that the inositol concentration giving half-maximal velocity is in the order of 1 mm, and as a result, none of the other parameters has been measured in the presence of saturating amounts of inositol. The figures for the concentration of CDP-diglyceride giving half-maximal velocity are rather difficult to interpret. The figure given for the guinea pig brain preparation refers to CDP didecanoin, CDP dipatmitin having an apparent Km of 0.59 mm (3) . It is in fact known that the degree of unsaturation of CDP-diglyceride affects the rate of biosynthesis of phosphatidyl glycerol (25) , and that variations in the response of PI synthesis to CDP-diglyceride may reflect enzyme specificity depending upon fatty acid substituents. In the case of guinea pig pancreas, CDP-diglyceride shows an optimal concentration, rather than a saturation effect. The optimal concentration in that case was 1 mm (26) .
It has been generally observed that the metal ion requirement for CDP-diglyceride:inositol transferase is better satisfied by manganese than magnesium. This is also true of the enzyme preparation from cauliflower inflorescence. The mechanism of action of the metal ion in this reaction is not understood, and it is noteworthy that the experiments of Prottey and Hawthorne (26) showed that in the homogenates of guinea pig pancreas manganese was twice as effective as magnesium, whereas the factor was five in the microsomal preparation.
Considerable variation in the pH optimum for the enzyme from various sources has been observed. There is general agreement that the enzyme is particulate, although the true localization of the enzyme has not been resolved. For example, Benjamins and Agranoff (3) found that the enzyme was almost equally found in the 12,000g and the 76,000g pellet from a homogenate of guinea pig brain. However, the 76,000g pellet had a higher specific activity. The fraction of the cauliflower inflorescence homogenate used in the experiments described in this paper probably includes plastids as well as mitochondria.
The factors responsible for the determination of the final fatty acid composition of complex lipids have been discussed recently (19, 20) . Acyl exchange (17) and synthesis de novo can both contribute to the final fatty acid composition. Keenan and Hokin (14) have shown that phosphatidyl inositol can be formed by acylation of lyso phosphatidyl inositol. This reaction has yet to be demonstrated in plants. Further work is necessary to assess the relative contributions of acylation and synthesis de novo in the determination of the final fatty acid composition of plant phosphatidyl inositol.
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